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5. 19. Abstract Continued

*, Winograd and Flores provide convincing arguments with examples familiar to most At
researchers. However, they significantly understate the role of representation In mediating

,intelligent behavior, specifically in the process of reflection, when representations are
generated prior to physical action. Furthermore, they do not consider the practical benefits
of expert systems and the extent of what can/be accomplished. Nevertheless, the book is
crisp and stimulating. It should should make A researchers more cautious about what they
are doing, more aware of the nature of formalization, and more open to alternative views.
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Understanding Computers and Cognition: A New Foundation for Design
Terry Winograd and Fernando Flores %
Norword, NJ: Ablex Publishing Corporation, 1986
Bibliography, indices, 207 pps.

1. Introduction
"Every triumphant theory passes through three stages: first it is dismissed as

untrue; then it is rejected as contrary to religion; finally, it is accepted as dogma and
each scientist claims that he had long aipreciated the truth." (Gould, in Ever Since
Darwin, quoting embryologist von Baer)

AI researchers and cognitive scientists commonly believe that thinking in~olves manipulating
representations. For example, when we speak our thoughts are translated into words. We don't
know what the mental operations are, but we assume that they are analogous to computer
models of reasoning. There are hierarchical networks in the brain and stored associational
links between concepts. There are propositions, implication rules, control processes, and so on.
Thinking involves search, inference, and making choices. This is how we model reasoning, and
what goes on in the brain is similar.

Winograd and Flores present a radically different view. In a nutshell, intelligence of the
kind exhibited by people isn't possible by manipulating representations alone. In fact, they
claim that our knowledge is not represented in the brain at all, at least not as stored facts and
procedures. Many readers will reject this argument as obviously wrong, so obviously wrong
they won't have to read the book to be convinced that it is just some variant of all Eastern
religion or simply anti-scientific and not worth their time.

After reading the book twice and much consideration, I believe that Winograd and Flores are
mostly right. We have the stuff here of Copernicus, Darwin, and Freud: At its heart, the
human world is not what we thought. However, I believe that Winograd and Flores 4
significantly understate the role of representation in mediating intelligent behavior, specifically
in the process of reflection, when representations are generated prior to physical action.
Furthermore, while the book convincingly describes the limitations of formal reasoning in the
extreme, the practical extent of what can be accomplished is uncertain.

In understanding a book like this, it is useful to start with the problem that the authors are
trying to address, that is, what they believe needs to be fixed. Winograd and Flores object to
how computers are described in the popular literature, how Al researchers talk about
intelligence, and the kinds of programs Al researchers, particularly in the area of Natural
Language, are trying to develop. Winograd and Flores reject the commonly accepted beliefs
that expert systems or any program could be intelligent, that representations can be used to
model intelligent behavior, and that developing autonomous agents is an effective use for
computers.

The book is based on the idea that understanding the nature of human cognition and what
computers can do will enable us to use them more effectively. While many examples are given
to illustrate limitations of current computer programs and to raise new possibilities, it is
important to keep in mind that. the authors have little interest in establishing what lies within
practical bounds, that is, of what the representational paradigm will allow. For example, what
expert systems might ultimately be able to do is not clear. The authors' philosophical stance
places more value "in asking meaningful questions-ones that evoke an openness to ne% ways
of being" not "in finding the 'right answers' (page 13). Without a doubt, this book raises
good questions.

Any attempt to summarize the arguments of this book in a few paragraphs is sure to raise
many more questions than it answers. I will only present a few of the important terms and
describe the general structure of the argument. In subsequent sections, I describe what I 0
learned by reading the book and the problems that I perceive.
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In general, Winograd and Flores approach cognition and computation in terms of what it
means to "understand language in the way people do." Their analysis leads them to conclude
that computers cannot understand natural language-not just now, never. This is because all
programs-all representations, abstractions and primitives alike-are based on pre-selected
objects and properties. The background that motivates representations, the experience behind
the designer's analysis, has been cut out. Thus, when breakdowns occur, that is, when an
inability to cope occurs because the demands for action placed upon the program are different
from expected, there will be no basis for moving beyond the initial formalization. Yes, the
designer can anticipate typical breakdowns and provide for representational change, but these
will themselves be limited and prone to breakdown. The only way out is to generate new
representations from outside the representational realm.

The key to this argument is that new representations spring from a shared, unforinalized
background. Coping with a breakdown involves articulating the basis of a representation. If
you don't have this background, you can't speak with commitment, that is, with an implicit
promise to clarify your meaning if questioned. Since you can't negotiate meaning, you can't
engage in language.

According to Winograd and Flores, the view that we codify and store experiences in
representations that exist is the brain is naive. Rather, representation is a post-hoc
interpretation of history. What we articulate has meaning within a context, and what we say
has been shaped historically by that context. But it is only formalized (represented) when we
speak. We are not translating what we have already formalized.

The question naturally arises, just what are we storing in the brain? Perhaps we do not store
anything? What is memory anyway? What are experiences? Surely we retain something. But
perhaps we are not carrying around things in our heads? Consider how much we take for
granted, in particular how our conception of objects and space shapes our conception of the
mind, and how little we understand.

This book is anti-illusion, not anti-technology. It is not about what compulers can't do (see
Dreyfus) or shouldn't do (see Weizenbaum), but what they can do and ho%& we should use
them. It is primarily a positive statement, an insider's attempt to articulate Al practice, to
understand what an Al researcher is doing when he writes a program. Vhe goal is to
understand how programs relate to life, what they capture of our nature, and what they leave
out.

While the stated objective of the book is "how to design computer tools suited to human use
and purposes," the authors are most interested in understanding what it means to be human
(12). They believe that the rationalistic tradition, based on ideas such as internal
representation, search, and choice among a set of alternatives, must be replaced if we are to
understand human thought.

2. What the book is like
Understanding Cot0nlmt('r. and ( o iMton Is iltelligent, measured, mid imitru t te. It

deliheratel y avoids "philosophic schol arshi-p in order to focus on ceIIIr I po t s critical to
de,,eloping a new understanding. In four nt rodluctory chapters, the atithors desir be the
rationalistic tradition, heruieneu tic,, misensull dollaliits, and speech A |t theor. Ihe discussion
is admirably crisp. In just fifty paiges, the boo()k relates subtle, unfamiliar philosophical.
biologldI, and linguisti ideas to whAt Al researchers do eeryday as programmers.

While a cursor', scan ih ,w,, the huk to be full t)f jargon -throv nness, ieadiness-to-hand,

shared background, hlind ness, hre dkmw1i, C.lni it meni -these words turn ml to he useful for
retnn|g the message. I.ike Freud', lrgo i (e.g.. ego, subconscious), these teiiis iti rt)duce at
new langutge for thinking ahmut familtr things (40)

I he ho()k is als( renmklhle lot ,hap. definite statements that seem so cilitrar to) iomn1 n
beief: " ie catlit t c olltit I nii hines that either e hihil tor successfully model Intelligent

o -. -_-. - - - -. . . . -- .... o. , . .............
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beha% Jor." Ama/ingl,, this conmes from sotlmeone who gdae uS alhl her hook e niil-'d,
Uldcr,M'.ndim,'( .aturtl lanrguage. A "born again" coniction might lie behind the hook's bold
remarks.

Al Al reSea rcher who." reads only the section on expert ssstells arnd d(oes ot( take the tirlue to
seriousl study the arguments is likel.k to be greatly alarmed hy the inflammator language:
"Calling it intelligent might he useful for titose trying to get research funding..." "l he
designers themsel es are blind to the limits.."(93). In a few places the polemic becomes
obscure and-I is easily dismissed: "World as the background of obviousness is manifest in our
every day dealings as the familiarity that pervades our situation, and every possihle utterance
presupposes this" (58). But with rare exception, the jargon and original point of view combine
in clear and thotught-pro, oking observations: "In trying to understand a tradition, the first
thing we must become aware of is how it is concealed h its ohviousness" (7). Almost every
page has an idea worth underlining.

Sometimes the hook has a poetic, mystical tone: "... (We) present the main points, listening
for their relevance to our own concerns." The authors evoke reverence for their ideas,
reflecled by the hook's final sentence: ''[he transfornation we are concerned with is not a

technical one, hut a continuing evolution of how we understand our surroundings and
oturselves-of how we continue becoming the beings that we are" (179). Ihis is a hook of
religiouS philosophy, an inquiry into the origin of beliefs, values, and practices, of their nature,
why they work, why they fail, and how they change. To quickly dismiss this book on technical
grounds is to in iss Much more than the authors' conclusions about cognition.

If ou are committed to understanding the hook, I encourage reading the introduction
(Chapter 1), then skipping around in whatever order appeals to you. Chapters 6 and 8 are
excellent reviews; you could start there and then go forwards for the detailed discussion. Or if
you prefer to start with the familiar, work backwards from the final chapter (which gives a
good example of program design) to Chapter 10 (on current directions li AI) and the
discussion in Chapters 7, 8, and 9 (on representation and language). liowe er, I think that the
book must he read completely to be accepted, and I found that readi rg it twice, separated by
more than a \ecar, was valuable.

3. Important ideas
Well into my second reading, I realized that somebody was wrong in a big way and I kept

stopping in allazement at the possibilities. Could it he that Winograd aid llores are mnostly
wrong? What a grand embarrassment! From the other perspective, it's equal 1 amaiirnrg how
many researchers will respond with staunch certainty, "lhat's nut right. ('ornputers will do
whateer we program them to (10." Now l'',e accepted the maIin argUinlenlt and h:,,e settled
down to musing over details. I still think mIany people wkill liSt shake thei i heads and go,,

about their husiness.

Ott first reading, the idea that seemed Iost importanrt waX. that the LoilerM should be
thought of as a niediurln for comlUnition, l'athel than a irI autono111tus agent. A computer
does not understand, it is exhibiting ny commitments renliotel.. It is it)t the Ottiputer that
makes requests )r promises, hut the progrimmer. Ihe c in ptitel shmt,, m1i\ pat terns, riiy
associations, my preferences.

This view increases my sense of responsihilit. and glli'lti. It is ni (,ik after all, not
somebody else printing things on the screen. [his also leads to ;m lillee,,111 question: lhow
should I project Myself? What should I put oil the screen to reflect ti c.hoices'? But after a
Year, I don't think the 'computer as a nledIum'" idea has changed Ahat I dt. Itst m theoretical
understanding of what I am doing. After all. I tlw;is fell emh ra,,sed mi prtd about ill\
programs. I alwa s knet that the computer was just sht)1 11+ Ill\ owlconlintis t(M that of
fellow programnners).

()n second reading, a .ompletcly different message hit tc I eat/ed thit I dm't hale all+ ,
patterns, associations, or plefelences stored in I 111in i I ll', I,  surileMl,hi deplessing aiid

Iconfusitug thought. A, Witiograd aind [lures ind1iLe, lhe inlpiItLtiuri,, AIn inur +e thdin tec.'hnical,
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relating to our image of what a person is, and this can influence our response to the argument.
But the new conception is useful, and after awhile it starts to make sense. To illustrate this, in
the following sections I summarize the ideas that I find particularly exciting by quoting from
and paraphrasing the book. I amplify these ideas by discussing other connections and research
implications.

3.1. All behavior proceeds from the subconscious
"To exist historically means that knowledge of oneself can never be complete" (33).

Language is necessarily blind to its context because it involves a formalization based on the
historical structure of interactions. "As carriers of a tradition, we cannot be objective
observers of it. Continuing work to revealing a tradition is at the same time a source of
concealment" (179). Language crystallizes what we are, but it is always partial, biased, and
momentary. The power of language is to articulate recurrence, to identify patterns, to claim
structure, to explain. But it is always post hoc and apart from our being.

While these ideas may sound strange, most people are familiar with the idea that some
behavior (at least) proceeds subconsciously, that is, not from articulated beliefs. This is the
Freudian view of the subconscious: We act without knowing our own motivations. We do not
always act rationally, by choice. Winograd and Flores take this to the extreme: All behavior
is direct, without intervening representation.

In the popular understanding of psychiatric problems, subconsciously-directed behavior is
associated with illness. We associate the subconscious with unusual, unhealthy behavior because
the subconscious only becomes important to us when a breakdown occurs: a failure of a
commitment, a violated expectation, a frustrated desire. When we perceive that we are apart
from the world or when our actions are confused, this is when we use language to articulate
what lies behind our behavior and our discomfort. We try to spell out what is not obvious,
the assumed background that is affecting our behavior or our emotions.

In the "talking cure" of psychotherapy, a person articulates the recurrent structure in his
behavior, naming situations and responses to them. Thus, he may become aware of the
structural coupling in his life, allowing a new interpretation and new behavior. In this way,
Freudian psychology has been reinterpreted as a form of hermeneutics: "The mental self is a
story whose meaning is only interpretable in my life's history" (Wilber in The Holographic
Paradigm, 276).

3.2. We are aliays already interpreting
In one of the most powerful ideas in the book, Winograd and Flores tell us that we are

always attending, always selecting. To understand the value of this conception, consider the
problem of explaining how we happen to attend to something. Suppose that I Aalk into a
museum and see something interesting and walk over to study it. How did I know that it was
interesting? What little clue made me decide to attend to it and to realize that it was
interesting? What littler clue made me notice the first clue? Maybe the frame showed me
where to look, but when did I decide to decide to notice that frame? In the miuseum I an
always attending. always making interpretations. I am [ot matching preconceptions and
recognizing value, as if they pre-existed as symbols in my head.

Following our practice ii naning objects and op)erties artotiuid us, we place thirigs it] the
mind: memories, symhols, patterns. We say: "Something gets recogniied." There is aii objective
something in the world; there is a pattern being searched for in the brain: there is a matching
process. Instead, Wiinogrid and Flores tell us. there are just interpretations. lhere are no
preconceived representations, no matching process. Instead, there is a "pre-orientation." "We
are always already oriented to a certain lirectior of possibilities" (147).

Similarly, iii pschiatric analysis, the rdea k,' a ssmbol Is used as if it were something that
resides in the head. But to say that "X sNilholizes Y for person P" is onl\ to sa\ that P
responds to X a.s if it were Y, iI a historical iterpretation of heha\ior. we note a paIttern and

+, -iI
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explain it by this association. There need be no translation, no "symbol mapping rules."

The point is more stark than it might first appear. The aigunlent leaves no room for saying
that representations are perhaps "compiled," and this is why we have no conscious awareness of
translating from representations to words. Rather we are not making decisions at all: We have
no choice, we are simply acting. There are no "things stored in the brain" that we are
searching or selecting between: "... the breakdown of a representation and jump to a new one
happens independently of our will, as part of our coupling to the world we inhabit" (99).

3.3. All reasoning involves reinterpretation
Another perspective on "direct action," or what Winograd and Flores following Ileidegger call

"readiness-to-hand," is that all intelligent reasoning is reinterpretation. This is far more
advantageous than acting according to pre-conceived representations, and only finding out later
that they are wrong. Yes, we make mistakes because we act inappropriately, but we are not
following "plans." There is extreme plasticity in our behavior. Every action is an
interpretation of the current situation, based on the entire history of our interactions. In some
sense every action is automatically an inductive, adjusted process.

As an example of this phenomenon, close your eyes and consider how many windows are in
your bedroom. Did you visualize the process of moving around your room? Possibly we are
reactivating a motoric sequence, simulating that we are actually in the room and moving about.
We replay the history and articulate what we would see. But we are not necessarily
remembering a particular walk through the room. We are constructing a coherent story, which
is implicitly a generalization of our experience because it is based on all of our experience.
We chain together a sequence of impressions and pretend that they occurred together. In this
way, the chains of association are constructed freshly each time, as a reinterpretation of the
unfornialized background.

A functional simulation of the cognitive system in terms of manipulated representations
cannot generate the range of reinterpretation an unformalized background allows. Wiiiograd
and Flores conclude, following Searle, that manipulating a representation formally is not
understanding. Certainly there are formal games which we understand how to play. We can
even accomplish our goals by playing formal games. But as soon as the interaction changes
from the previous history, breakdown occurs, and a reinterpretation in language is required.
We engage in a dialogue that articulates the basis of a representation and adjusts it to a new
situation. To understand is to be able to make the commitment to do this reinterpretation.

3.4. We assume commitment in other people
As Weizenbaum pointed out about ELIZA, it is amazing that we are so convinced b so little

and that we assume so much. Even when you are told how little ELIZA, SiIRDI.U, and
MYCIN know, it still strains the imagination to appreciate the magnitude of their ignorance.
We are all like children preferring to believe that the fantasy is real. Indeed, we don't have to
"suspend disbelief" (in the theatrical sense), this is how cognition normally works: Attributing
meaningfulness and assuming commitment go hand and hand. The situation is insidiousness:
We don't normally articulate shared background, and computers don't have any. It plays right
into our assumptions. If you use my words, I assume that you know what I mean. If y.ou sa
you believe something, I assume that you are ready to convince rie.

Weizenbaum stressed the lack of responsibility of computers because they are not part of the
social fabric. The argument here is stronger: Computers cannot be responsible because thex
cannot even form commitments. When I speak with commitment I do more than just mouth
words. I do not pretend. I am ready to defend what I sa . I am comm itted. lo speak the
truth means to be \killing and able to articulate why ou believe it.

In providing explanations, we must determine why breakdown occurred. What Is 1iot Obvious,
not part of the shared background? What must he articulated? In constructing explanation
programs, I have often concluded that we have riot placed enough of the burden on the person
asking the question. Unless there are systematic surprises that the explainer might guess, the

%.
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questioner must articulate the nature of his surprise. The explainer must then be ready to
form an interpretation that is contrary to his own point of view. Howe~er, we cannot
completely model how a system's activity will perturb the interaction between user and
machine. We can't anticipate every user's interpretations of what the machine is doing (53).
Given these limitations, we might focus instead on opening ip the program's representations so
they are easily browsed, making it easy for the questioner to figure out what he needs to know
on his own.

Winograd and Flores provide an intriguing discussion of how computers might be best suited
as coordinators of commitments, "the essential dimension of collective work." Following from
their analysis of language, they propose that a program keep track of what we have to do,
recording the status of our active commitments. Their proposal broadens our awareness from
that of the individual working alone at a personal workstation to the social dimension of what
is being written, computed, or recorded (158). This idea is likely to have widespread appeal
and could significantly enhance how we use computers.

3.5. People do not carry models around in their heads
Cognitive models explain patterns of behavior; they are developed by scientists. It is a

strange and tremendous leap to say that these models actually exist in the heads of the people
being modeled. While we commonly say that a person has knowledge, knowledge is not
something that you can possess like anl object. Knowledge is always an individual
interpretation within a shared background. It is neither subjective, nor objective (75). To say
that someone knows something is not to say that he is in a certain state, but to explain his
behavior over a sequence of interactions and to claim that he is predisposed to act in a similar
way in similar situations (47).

Few people believe that when we ride a bicycle we are manipulating internal representations
of the handlebars and pedals, modeling their location internally, and conmputing trajectories.
According to Winograd and Flores, speech is the same, a kind of skill coupled to the
environment. While we ma) s mbolize our utterances on paper in some calculus or written
notation, there is nothing corresponding to these notations ini the brain.

This has significant implications for understanding expert behavior. We are not modeling
objects that exist inside an expert's head. This explains what is so patently obvious when you
work with experts, namely that they have so much difficulty laying out consistent networks and
describing relations among concepts in a principled way. If experts knew causal and
subsumption networks as discrete concepts and relations, why would we find it so difficult to
extract these statements from them? The concepts are often not defined, let alone related in a
fixed, systematic way to one another. Experts know how to behave and they know
formalizations that model how they behave.

The evidence ii student modeling research is similar. Brown and kanl ehn found that
student errors in subtraction, modeled as bugs in the procedure followed h\ students, changed
over time. They called this "hug migration" and sought a systematic explanation for \Ahy the
bugs changed. The key is that there ne,,er was a hug in the student's head. When ou reali/e
this, you realite that you (lont have to explain why the Students decidcd that one plrocedure
was wrong and another was better. This does not mean that there is no pattern to be found.
Winograd and Flores would say that there is a mechanistic argument, it just isn't based on
manipulating a represen tat ion.

l'his analysis might lead to an entr rely different teaching method: not Isolating the bug, but
establishing an appropriate couplirrg and forcing breakdown. Ilowe,,er. we still need to
understand what articulation does to hehavior. For example, in physrcal skills, sucth as playing

the piano, attending directly to a fatlty a1cton1-actually feeling that you are making it
happen-al lows you to get a grasp on the beh i\i,,i and change it. fhe role of language In
isolating where an undesirable action oCCuS. ,t0orlaMcall\ is perhaps similar, again, the
possible value of psychoanalysis.

By this model, the most effecti',e ralririg OC mLS oi tile jolb site. hence the mrP,, lui.trorial

S
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Stratg of' gettinig thle students to thie workplace and niniiir g the okaSSloort hLihhe
Wi nograd and Flores' anlal ysis p ro0ideS it Subtler understanding: lecKh I g ri st : lhi h
the history of' interaction that COnIstitutes aI backgrounVd that will lead to uiSeful mintrpietltutrIS
Establishinig a situctural coupling' means experiencing this brlstor\ of, Ilirreraclron, not s
being told %%hat you sAould do if' you had gonle through thie process. Ihle probleIII IS 1,1111lrrm.
'You dl't uriderstairld me because \ou (lou't kilo" Abhele l's e been. If- aill rrmclI gem behas of
f lowss froMl thle uLilforinald i/ed baIckground, teaching hosA to behase by sas rig hlrt tot o can
oils prosmide patterns to lolloss bs rote. 'You hase to trs it yourself arid gel thie feel of it.

Hl s, the repeaC ted teacher's tall back, "YUI kirov better sAhat I mieari Alleni \oi Iet mut there.''
While thle implications I'or Inls(tuctionlal comlputing are riot clear, it Seems att least

theoreticall importat ito realize thilt there is a difference betweeni solking aI problem arnd
articulating a imodel (raionliinilg thle soIlution sequence). We knew, this already, hilt Wiliograd
arid Flores proside al theoreticall f'oundaion for bUidI rig upl a ilesA 1.iidlrStaridirig. so swe can

riess the iriabilits to articulaite a niodel as not a lacko of self_-kritt% ledge, bilt the riorrrl stateC
of, afflairs.

.. 11-riinvering (vlVoipN fromi recurrent breakdo~in
Understandinig arid aiiticipAirIg filure (breakdos\ri) is at the heairt of e I rrl ie er Ing.

F-Sseii Iilly, Wi iigrad amid Flores has e prov ided a theoretical background ftor uinderStanri lig hoss

progr iii rg. especially kriossledge engineering, is like Structural eiigiiieerr[i. It rograrrIIS donl't
alsasdo ss hat 'se espect because the designer did riot anticipate ho"4 users ssould iteract Asith

hie Pr ograin and Initerpret its actifoils. A large part of this book concerns hoss progami-mers
rist an iclmme Ihe demnirds of the env~i ronmeri aid ( p re paIr e prI-ogram II)s I(o cope witIh

ASii 11) IiUciiral erigiieerinrg. \, hat ma kes k nowvledge engi neerinrg possible is that brea kdoss
ec Lu i. 1 heSe pat errs lead the enginieer to fom u1Llate "objectiv~e distinct ions." Fsseri all A shat

sse tae to be obhjectise truth is sshat many people hase articulated oiser a long period of time
aMid "se as1 obsIerve s e\1ect to Co11il l mte ill the futu re.

lit SSes er.cois COI uct1 i ri an a tOrIOMOUS agenlt is Munch more dlifficul t than typical engrineerinrg
problemrS. It is, like building aI bridge that will change its own structure as its interaction wsith
tire enirorirrierit canges. Iis is the idea of anl autopoictic systemr: It mai'iitain1s its function01s.
Itfirs theory Asas des elo)ped inl biology , arid li ving Organisms are the best examples we base.
tilie idlea m)" ts 'ises Inl ctiln pUter sy sternls eiigi neerinrg and plays aii imniportan t role i (tihe design

of satellites arid planetary probes.

A cruiafl pmInt is that the organlismi adapts to rieet the demiands oif its ifnteractOios. But tIs
is fitl tt aPit cess 0'i rep reserit inrg the world: 'The demands Of con tin ned a ntopoiesis shape this
strmct iiF inn a Asas that can he viewed as a reflect ion Of a externa 't "orl d. Hu th
ct ti espt tiuerice is iot tine ill which the form of the world is sonnehoss mapped on to the
stnitilure tof thre rtrgarrisrir'' (02).

3.7. S~ stematic domiains admiit to formal representation
~S Semiit dtomairns are those Ii which there is a great regularity iii relatimtiS oser tirre and
ift rig people, so that there appears to be objective kniowledge (172). Iii moidel inrg initell igent

beha sittr Asitbin aI ssslemat ic dormin, we don't arid rieed n'tlnecessarlyII rideed, carl't)I represent
lie Irfearri rig of, termis. Rather we represent their systemaic role wsi thrin a rietsork of" requests
irid pr t tnises. Inrdeed, the operat ion oif a program does riot require that it repreSents any t hrrg
it :ill, It'S ill i the eye of the beholder, who Interprets Input arid ttitpnrt Ii teris of- a

sySleriritfi( iriappllii InI Inls sorld (80). When \IYCIN says thle "mtt ''culture,'' yti inter wet it
Xs sMttifig tth.trs~le tli1t you krios abutu.

I IriS ial\Srs prosIes at Fascinating handle ttn the nature otf languaige, rirttdels. arid
lf r ilail 11i Ithelpt" (IS irrdeitrsaid ssh\ progrars ssork as wsell as, they dtt mid sliutl oan gtt
'A Igml. I bns, AVe Cirl better understand "hbat sue aire dttirig ari perhaps bossA ito Vtbou it
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While the book has clear implications for research in Natural Language and instructional
research, as I have described, it is unclear just how well computer models might eventually
perform in systematic domains. That is, how well can we circumscribe domains to construct
useful and effective representations? Is it of any practical value to say that commitment and
hence language cannot exist in a systematic domain (where the importance of unformalized
background is minimized)? Is the shared background of people as great as Winograd and
Flores st-ggest when they exclude computers from participating in language? When hreakdown
occurs, just how well do people resolve it? In this section I consider ways in which the
arguments in the book appear to be incomplete and perhaps distort the nature of cognition.

4.1. What is the mechanisin of ,nemory?
To recapitulate, conceptual structures are not stored in the brain; the conceptS Of our

language do not organize our memory. There are no stored associations, no colcepttl
network. Instead, we act: We speak, we associate. We don't do this b) interpreting a iietoi k
that mirrors the conceptual structure in what we say. Rather, the history of our beha,,ior ma\
exhibit recurrence that we can represent as such a network.

We are left with the image of some amorphous blob that speaks. How can we explain
recurrence, if there no structural predisposition to associate concepts in some way? Winograd
and Flores believe that there is some mechanism behind jumps to new representations, but they
provide nol description of "hat it might be. They make no attempt to reinterpret models of
memory and learning according to their theory.

For example, what accounts for our tendency to remember exceptions (as described by
Schank)? Winograd and Flores acknowledge that Schank's work and ideas like "default
reasoning" are closer to the nature of cognition, but they insist that these approaches are still
limited by the need to distinguish the relevant objects and properties before doing any
representation ( 116).

Is there any e ,idence of a mechanism that generates the recurrence in our behavior? What
about timing experiments in\,olving discrimination and recall? Winograd and Flores claim that
these experiments do not deal with "meaningful material" (114). But aren't hierarchical
relations meaningful? Couldn't systematicity in abstraction, for example the patterns in levels
of "natural kinds," he explained by structural properties of memory? The problem is that an.
admission of structure it] the brain corresponding to conceptual relations undermines the
argument that representations do not exist in the brain.

It appear,, ohions that the way the brain works favors categorization and association of
certain kinds From here it is but a short step to hierarchical search. Perhaps Winograd and

lore,, (and MattUrana) have got the main idea right, that we aren't examining representations
internall,. hut the ha,,e woefully ignored the problem of explaining recurrence in memory. It
would ha , been helpful if' the hook included anr appendix that at least acknowledged opposing
arguments (such as Fodor's The language of Thought).

4.2. IIoA much background is shared?
"If a Iion could talk, we could not understand him." (Wittgenstein, Philosophical

According to Winograd and Flores, language requires being able to commit to articulating a
shared background. If no common ground is found, then breakdown is not resolxed. But the
hook seems to understate the difficulty of resolving breakdown. Isn't the normal state of
affairs one in which individuals (and countries) frequently do not understand each other? We
get by normally by making many assumptions and by ignoring differences. Perhaps resolving
specific differences is riot as important as sharing the goal to "work something out."

A few social rules (part of shared background) for coping with unresolved breakdown may be
more important than having the shared background to resolve specific differences. Obviousl),
not much communication could occur on the basis of just agreeing to disagree. Htowever, the

%" ,%.1-"',.,
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book, seems to adopt tile opposite stance ot' ideal ittig langunage, suiggesting that mlost
breakdowns are resol ed li the Specific elements of' Shared background. I he general agreement

* to adapt and cope with arnbiguit\ and unresoixed differentes 1.01.1d be more inpmul at.

The book's Idealized description of language is clear Ahenl we consider our Interactions with
* animals and children. Shared background is immii ed hei e. but C01n1rn Lill icationi is possible.

It isn't necessary to be "full'. human" to engage lin language. Exeri if computers are
programmed to be part of' the social struIcture, exeri if the are our ski'.es, i nteractioni with
them canl be COnISenISual. Aheir speech acts canl create coni htmen t, just ats muuch ats at dog canl
request to play and theii become engaged lin a game of mock attack or chasing. ('ertamiily there
will be practical limitationis, as we max not always understand a chimpanzee, and the

*differences between at (og', barik ito pla\, to eat, or to warn ma', be too mubtle for anxone but
his master to discern. Iliowe e r, of what prac t cal x al ue IS It to so narrow I define language

*and intelligentce as to rule out thie behax or of' animals beC.-Huxe they are not 'fully hunmn"? It
is good to make people more aiae of the social di meniinons of lagae b ut Winiograd anid
Flores have adopted ant al most religious point of' xmew that mlax ox erstate the nequ i rernen ts of
shared background and the extent to w'hni h breakdo\&n i," t~picall\ resol xed.

4.3. What are (lie practical limits of formizadi~tion?
The book states that we are "now.' wxitnessi ng a major breakdown in the designi of computer

% ~technology" (78). No evidence for this obserxation us, gixen: just the in1verse seems to be truer
We are witnessing a miajoir recogiitiOli of ho0'A' inti I human knowledge is regular and can he
usefully formalized. lin the rapid gr ox'th of expert s'.stems appl icant is, eniigIneers in particular
are realizing the value of qualitati xc modeling technilques for describing recurrent Ohjects.

* properties, and relations. Possibhi' there has been aii misiniiterpreta tion of whlat cornputers are
* ~doing and the nature of intelligence, but the payoff is onl the upswin mg and thle I iriits appear to

be years away, at least.

*The book provides very little basis for determni ong the practical Iitin its of forma I'lIiat ionl,
particula rly for appl ications of Ar i fwcial inelhIreiwe ito science aind eng inieerinrg Perhaps by,corntinii lig to find structure wit hini st ructuire xxe cai get programls that are x cry good, and ex en

-fool miost people. Yes, they will fail somletimles, but so do people. There is, little ex iderice that
- the practical limitations of formal reasoning are as serious as the hook Suggests

- Practical implications of the argument tend to return to coniclusionis we already knex', as I
- indlicated in briefly considering explanation. teaching. and knox'. edge acquisition. I low exer. the

book gives us ant improxed understanding of xx hat is difficult and why we ini not1 Suceed
'lihe most iminportan t change imight he a better understand inrg of w&hat we are doinrg.

* 4.4. Isn't reflection an essential part of' reasoning?
''I lriiiian cognition inludLRes the use Of represetinros. but is not bitsed oii repiexemiitr on

''F' w ts do nlot ineed to haxe formalized iepreseiitatioiis III oider to actt [hle% nayt 'it timles
* niar11)Irlate representatis ais one part Of suc:essfull ao t. but( it is fruitless t(, searlii) for aI

full forization of' thle pre-understairdin that uinder-lies all thought arnd I ion" (99 "I hte
essenlce Of our' intelligence is our throw mness, rnot ouri reflek troll.'

I believe that this book signnfitdatl urr"der les thle rIIIor tan11C Of ICHCMl . 10oit the po int of
distorting the nature of cognition 'lit reflection,. we airtr~ nlate our haL kgimnd li .)rder to
compare possible behax nors, atincipate conSequlenCes, arid plant) rather than uatmig inipirlsixely
Fxen granting the nature of unforimralized background, ieaidiess- to-baird. arid thle immedjite

* nature of reflecton (we don't detide to reflett, [.the xallued ;Itioii III aI coiserisial (1lm:rnii is
one that anticipates rairiiatioirs. Iltirriai rea~minrip Is innnr1errsel\ MOre sluLceSsful by M11

* ability to sim~ulate whA irriglit hadppen, toW islzltle possible oti(oMiS arid prlepare for tlerrv
We dto this by reflect inrg. sa ymrg whamt we expet, arid respondring to whatI we six (,\ir excellerr
description of this inurigiiation ill-ess appears lin laxnes's Ricamcial 'ifod I

- ~~~We create repre.sentaionls h\ laiiqnrarg. ) atiiig. ".%e rina1keitepeti'rsb whr e x

I-xery representain is iii litePrettloll lHnt Isn't exeix relpreseirtMItIor tlnerel..ic tit-11rttll
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crucial in our action? Granted that representations are not "inside" and that they are blind,
once articulated don't they play a central role in intelligent behavior? We are always
reinterpreting old representations. We are not just speaking like birds singing. The X
articulation is essential, it can change our behavior. Winograd and Flores fail to properly
emphasize the loop: We are always listening to ourselves. Even if representations are not
directly generated from representations, the> ire generated in response to representations. In
particular, imagery and silent utterances are a form of "mental representation" which is part of
tle cognitive sstem. While these representations may be unnecessary for behavior, much
behavior is mediated by them.

The weakness of the argument minimizing the centrality of representation is seen clearly in
the example of the chairman who is always directly acting (34). Winograd and Flores greatly
understate the importance of making observations, forming hypotheses, and consciously
choosing a course of action. In chairing a meeting, I attend, stop myself from saying
something (anticipating a reaction), plan things to say, arrange a list of people to call upon,
attempt to weigh alternative topics, watch the time, and suggest a revised agenda. The book

seems to over,eneralize the nature of physical skills-as provided by the example of a hammer

and how we attend to it-ill suggesting that cognitive behavior generally has the same degree of
automaticity and lack of reflection. Granted behavior must be immediate; there is no
homnunculus inside interpreting representations. But forming representations and reinterpreting
them is where all of the action is! Cognitive behavior is strongly coupled to the
representations it creates: as visualizations and silent utterances, they are "inside" the system as
much as anything else.

Most of my day involves an inner conversation. Most of my awake activity is a long
sequence of telling and asking statements to myself. Granted, I don't know where the questions
come from (I don't have to work at firing neurons). Granted, I don't know where the answers
come from. I just keep making requests and promises to myself. "What are all of the projects
I'm working on now? I have to call Jan. What will I do when I finish this? I'll work on the
review tomorrow. Where is my yellow pad?" Most of my life seems to involve responding to
my own language, the repre.,cntations I generate.

Winlograd and Flores appear to have gotten the emphasis wrong. In emphasizing that TELL
and ASK actions do not come from interpreted representations, they ignore the crucial point
that thinking involves the generation of representations and attending to them. We are
constantl, observers to our own thinking behavior. We are constantly responding to
representatiois.

Most important, we tell ourselves what we might do. Then we react to this. And in our
reaction we promise ourselves that we will do something different or make a request. We do
not just simply act. We are engaged in a loop of imagining action and visualizing
consequences. Yes, our words and motoric actions always proceed directly, but often not
before intervening representational actions and sometimes not at all without them.

Iow then (do we get to the state of reflecting? What, after all, changes us? Perhaps 0
reflection is built in? Being able to place ourselves in a situation so we can know how we
might behave is incredibly powerful. It means being able to simulate a structural coupling, to
know what we are apt to do. This is much more than articulating a background; it is
articulating the behavior that the background will elicit. By projecting forward in this way,.
admittedly with uncertainty, we can anticipate the consequences of behavior. This anticipation
then has the potential of changing our background and resultant behavior.

By overemphasizing the direct, ready-to-hand, unreflective core of all behavior (including
reflection itself), Winograd and Flores understate the importance of representation in
intelligent behavior. That an expert can act without a representation is not very interesting in
comparison to how impoverished his behavior would be if representations were not available
for solving the difficult problems.

%0
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5. Reconimendat ions
This book should make Al researchecs more Cautious about what they are doing, more aware

of the natuire of formali/ation, and more open to alternative views. By addressing the nature
of representalion and reasoning with examples familiar to most Al researchers, the book has
the potential of being More influential than other criticisms of the field.

A scientific enterprise requires openness to blindness of all kinds. This hook explains why
blindness is ineti able and elevates Our awareness of the origin of language and how
breakdow us occur. When the Chenoh.ls and Challengers of Al occur, we can look hack at this
book to better tindersaid wyh our programs failed. The book provides an important
theoretical basis for the analisis of failure in knowledge engineering. Indirectly it tells us how
to anal ze domains What are the recUrreilt dialogues? What breakdowns occur? What are
the expert's methkds for coping with breakdown? What are the shared sources of experience?
Who can talk [to Ahomli atid w

*Eei Al reseaikher should read this book. I)esigners of interactive programs interested in
theoretical aspetls ot language and inmproxiing their understanding of what they are doing will
find this book to he faScltti ng, eingrossinug, and obstinately provocative. 1'he title is apt: If
you ire Interested ill uiiderstiiding what computers can do, for example how you light use
them in )Oui htUsiineSS, aid ha,,e a. philosophical bent, you should definitely read this book.
However, he forewarned that it points the way, rather than providing answers.

The authors s'tle that tile book is not intended to be a scholarly treatise, and it was probably
a good idea to simplify the presentation in this way. However, I think the hook will mostly
appeal to researchers and academicians, aud these readers should be aware that there are other
books that adopt siiniir points of view. For example, I learned about "readiness-to-hand"
from reading Polaii, who calls the idea "tacit knowledge" (using the same hanmmnier example).
Yet, Winograd and Flores do not cite Polanyi, and Polanyi does not cite Ileidegger. The
intellectual development of the ideas is therefore obscure. I believe that Richard Rorty's
Philosophy and the Mirror of Nature (not cited by Winograd and Flores) is a good reference
for readers who want a more complete understanding of the argument against the idea of
internal representation. Understanding Computers and Cognition goes a long way towards
making philosophical works like this more accessible to Al researchers.

In conclusion, even though the the book is extremely well-written, its argulmlentS are so
counterintuitive many readers are likely to remain confused and unconvinced. The book helps
resolve foundational issues of Al, but the practical implications are unclear.

One goal for writing the book was to prevent a false view of computers from distorting our
understanding of people. Ironically, the book's new view of cognition is a little scary, making
reasoning seem limited and out of our personal control. The earth is not in the center; man is
not in the center, and neither is his conscious mind. [he relation of responsihilit, to
reflection needs to be better developed and balanced against the core of automnalicily Iblat lies
behind behavior. Oil the other hand, the book supports a hulialiiSt position, Cilliphasi/ing our
commonality, that what we are is mostly what we do together.

Certainly, this hook might change how You think about the world. As I sqUiashed i huge
mosquito the other night, I thought, "So Much for allother Sltlctlural cou)plinl."
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